The goal of this short-term longitudinal study was to examine whether adverse childhood experiences (ACEs) could be used to identify college students at risk for mental health problems and whether current level of stress mediates the relationship between ACEs and mental health. Data on ACEs and mental health (depression, anxiety and suicidality) were collected at the beginning of the semester, and data on current stressors and mental health were collected toward the end of the semester (n = 239). Findings indicated that ACEs predicted worsening of mental health over the course of a semester and suggested current number of stressors as a mediator of the relationship between ACEs and mental health. Results suggest that screening for ACEs might be useful to identify students at high risk for deterioration in mental health. Results further suggest that stress-related interventions would be beneficial for students with high levels of ACEs and point to the need for more research and strategies to increase help-seeking in college students. (Clark, Caldwell, Power, & Stansfeld, 2010) . The relationship between ACEs and poor mental health has been replicated in both prospective and retrospective studies, using a wide variety of samples in different countries (Bruffaerts et al., 2010; Hovens et al., 2012) . Health-care costs of individuals with a history of maltreatment, which is prominently included in ACEs, can be double those without such a history (Rovi, Chen, & Johnson, 2004; Tang et al., 2006) . A key explanation of the impact of ACEs on health involves stress, given the robust negative relationship between current life stressors and psychological wellbeing (Thoits, 2010) . Some investigators posit that chronic stress during an early, sensitive period in life has direct and long-lasting effects on the stress-response systems of the mind (Kendall-Tackett, 2002; Leitenberg, Gibson, & Novy, 2004 ) and the body (Anda et al., 2006) , affecting vulnerability to stress later in life, with subsequent harmful effects on health. Other investigators suggest that early adversity leads to greater levels of stress in adulthood, which then affect health. In support of this idea, current life stressors have been shown to be more prevalent in older adults who have a high number of ACEs (Mc Elroy & Hevey, 2014) . On the other hand, some investigators hypothesize that it is the total number of stressors that matters for health, regardless of whether these occur during childhood I would like to thank Tori Simenec, BS, for all her work on this study, and Bruce Center, PhD, for his help with the initial conceptualization and suggestions regarding the measures. There are no conflicts of interest to report.
| INTRODUCTION
The goal of this short-term longitudinal study was to examine the relationships among adverse childhood experiences (ACEs), stress and mental health in college students. Adverse childhood experiences have been defined as moderately to severely stressful experiences during the first 18 years of life, including emotional, sexual and physical abuse, neglect, parental psychopathology, parental incarceration and parental separation or divorce (Felitti et al., 1998) . Because ACEs often cooccur, it is important to examine their cumulative impact (Herrenkohl & Herrenkohl, 2007) . Over a third of adults in the general population report experiencing at least two ACEs (Anda et al., 2006) . Furthermore, recent cohorts report more ACEs than older cohorts, implying that the incidence of ACEs may be on the rise (Austin & Herrick, 2014; Bynum et al., 2010; Logan-Greene, Green, Nurius, & Longhi, 2014) .
The cumulative impact of ACEs has been associated with many mental health problems, (Chapman, Dube, & Anda, 2007) , including anxiety (Kessler et al., 2010) and depression (Chapman et al., 2004; Korkeila et al., 2010) . Having at least one ACE has been estimated to account for two thirds of suicide attempts in adults (Dube et al., 2001 ). Mental disorders related to ACEs persist through adolescence into adulthood (Clark, Caldwell, Power, & Stansfeld, 2010) . The relationship between ACEs and poor mental health has been replicated in both prospective and retrospective studies, using a wide variety of samples in different countries (Bruffaerts et al., 2010; Hovens et al., 2012) . Health-care costs of individuals with a history of maltreatment, which is prominently included in ACEs, can be double those without such a history (Rovi, Chen, & Johnson, 2004; Tang et al., 2006) . A key explanation of the impact of ACEs on health involves stress, given the robust negative relationship between current life stressors and psychological wellbeing (Thoits, 2010) . Some investigators posit that chronic stress during an early, sensitive period in life has direct and long-lasting effects on the stress-response systems of the mind (Kendall-Tackett, 2002; Leitenberg, Gibson, & Novy, 2004 ) and the body (Anda et al., 2006) , affecting vulnerability to stress later in life, with subsequent harmful effects on health. Other investigators suggest that early adversity leads to greater levels of stress in adulthood, which then affect health. In support of this idea, current life stressors have been shown to be more prevalent in older adults who have a high number of ACEs (Mc Elroy & Hevey, 2014) . On the other hand, some investigators hypothesize that it is the total number of stressors that matters for health, regardless of whether these occur during childhood or adulthood (Seery, Holman, & Silver, 2010) . Although the distinctions among these explanations are theoretically and practically important, it is difficult to test them against each other, as they are not mutually exclusive. The current study focused on testing whether ACEs are associated with greater levels of stress in young adulthood, which are, in turn, associated with deterioration in mental health.
The college population is unique in that many of these young adults are experiencing high levels of stress. As students leave parental care for the first time, many report experiencing stress in areas such as change in sleeping and eating habits, increased class workload, new responsibilities and change in social activities (American College Health Association, n.d.; Ross, Niebling, & Heckert, 1999) . Almost two thirds are concerned about their ability to pay for college costs (Eagan et al., 2014) . Indeed, stress was cited as the top impediment to academic performance in a survey of over 80,000 students in the United States in 2008 (American College Health Association, n.d.) . High levels of stress are associated with mental health problems, which are prevalent in the college population (Association & others, 2009 ). College is a time when lifelong mental health issues are emerging, considering that three quarters of many mental disorders arise by age 24 (Kessler et al., 2005) . Of even greater concern, college students are demonstrating increasingly higher and persistent health needs (Blanco et al., 2008; Bonnie, Stroud, & Breiner, H. (Eds.) ., 2015; Eagan et al., 2014; Gallagher, 2014; Hunt & Eisenberg, 2010; Zivin, Eisenberg, Gollust, & Golberstein, 2009) , overwhelming the resources of mental health providers on campus (Watkins, Hunt, & Eisenberg, 2012) . A large epidemiological study of college-age individuals, for example, demonstrated that 46% of college students had at least one Axis I psychiatric disorder, personality disorder or substance use disorder within the past year (Blanco et al., 2008) . In another survey of over 80,000 students at 106 schools, approximately 1 in 10 college students reported suicidal ideation within the past year (American College Health Association, n.d.).
Another study using the same health measure as the one in the current study also found that approximately 11% of over 700 students endorsed suicidal ideation in the past month (Garlow et al., 2008) .
The 1-month prevalence of anxiety and depressive disorders in a sample of 1181 undergraduates was 16% in a study using a similar sample and methodology to the current one (Eisenberg, Gollust, Golberstein, & Hefner, 2007) . Furthermore, a majority of the directors of counseling centers at universities across the US report increasing demand for interventions for depression and anxiety in recent years (Gallagher, 2014) . As almost 70% of all 18-to 19-year-olds in the United States enroll in college (Mobile Digest of Education Statistics, 2013, n.d.) , mental health problems in this population present a major public health issue. Thus, it is imperative to find effective ways to predict the emergence of mental health problems in these students and to design targeted interventions aimed at improving their well-being.
It is quite possible that ACEs can explain at least some of the variability in the mental health of college students and open up pathways for early intervention. However, much of the research on ACEs has been conducted on older adults. The few investigations of ACEs in college students so far are consistent in demonstrating a high level of ACEs in this population. A study conducted in the United States in the 1990s that used a limited list of ACEs found that 56 to 85% of college students had been exposed to at least one severe ACE (Smyth, Hockemeyer, Heron, Wonderlich, & Pennebaker, 2008) . The first study in the United Kingdom to investigate this issue found that 56% of respondents in an Irish university had experienced at least one ACE and that students who had previously received social services from the government were 23 times more likely to have experienced ACEs than other students (McGavock & Spratt, 2014 ). An annual survey of college health in University of Minnesota students included ACEs for the first time in Spring 2015 (Boynton Health Service, 2015) . Results show that 64% had experienced at least one ACE. At the time of data collection for the current study, there were no published studies of the relationships among ACEs, stress and health in college students.
Thus, the goal of this short-term longitudinal study was to examine ACEs in college students, to determine whether ACEs assessed at the beginning of the semester would predict a worsening in mental health (i.e. depression, anxiety and suicidal ideation) by the end of the semester and to test whether current level of stress mediates between ACEs and mental health at the end of the semester. If predictions were confirmed, results would be consistent with the hypothesis that ACEs lead to greater vulnerability (through biological and/or psychological mechanisms) to stress in young adulthood, which, in turn, lead to worsening mental health (e.g. perhaps through suboptimal ways of coping with stress).
| METHOD

| Participants
Participants were undergraduates at a large public university in the Midwest. The sample consisted of 239 students who were primarily female (n = 182, 77% female), with a mean age of 20.0 years (SD = 3.1 years). They were predominately White (76%) or Asian (16%). Participants were recruited through Psychology classes offering course credit for research participation. This participant pool comprises of approximately 15% psychology majors, 25% business majors and 25% pre-med students. About a third (34%) of the sample were freshmen; the rest were sophomores (28%), juniors (24%), and seniors (15%). Thirty-seven others who consented were excluded due to noncompletion at Time 2. Those who completed the study reported higher family income, W = 5750.5, p = .002, but did not differ from the noncompleters on ACEs, presence of an anxiety or depressive disorder, suicidal ideation or PHQ-9 score at Time 1.
| Measures 2.2.1 | Adverse childhood experiences
Cumulative exposure to ACEs was assessed using the Early Adverse Experiences Questionnaire (Felitti et al., 1998) . The questionnaire consists of questions on presence or absence of the following experiences before age 18: child maltreatment (emotional abuse, physical abuse, sexual abuse), household dysfunction (substance abuse and mental illness of household members, domestic violence perpetrated against the mother or stepmother), incarceration of a household member and parental separation/divorce. Number of experiences reported by each participant was summed for a total ACEs score from 0 to 8.
| Childhood family income
Family income was assessed by asking participants 'on average, as you were growing up, what would you say your family's income was? (1 = < $10,000, 2 = $10,000-$30,000, 3 = $30,000-$50,000, 4 = $50,000-$80,000, 5 = $80,000-$100,000, 6 = >$100,000).'
| Stressors
Current level of stress was measured on the Life Events Scale for Students (Clements & Turpin, 1996) . Respondents reported on exposure to 36 stressful life events, such as death of a parent or failing a course, within the last semester (approximately 4 months) and rated their impact on a 4-point Likert Scale (1 = little impact, 4 = significant impact). Two measures were derived from the responses: (1) total number of stressors endorsed by participants (ranging from 0 to 36); (2) average score for the stressors that were endorsed (ranging from 1 to 4). Internal consistency of the count measure was good (Cronbach's α. = .84).
| Depression and anxiety
Depression and anxiety were measured using the Patient Health Questionnaire (PHQ), which has been shown to yield diagnoses similar to those of a professional (Spitzer et al., 1999) . Three indices were derived from the PHQ. (2) PHQ-9 depression score, which was calculated from the 9 items for diagnosing Depressive Disorders (https://www.med.umich.edu/1info/ FHP/practiceguides/depress/score.pdf) and which could range from 0 to 27. This measure is widely used to screen for depression and has good reliability and validity (Kroenke, Spitzer, & Williams, 2001 ). In the current sample, inter-item reliability of the PHQ-9 depression score was .86 at Time 1 and .88 at Time 2. (3) Suicidal ideation, as indicated by responses to the item 'Over the last 2 weeks, have you been bothered by thoughts that you would be better off dead or of hurting yourself in some way.' Respondents had the option of checking 'not at all,' 'several days,' 'more than half the days' or 'nearly every day.'
| Procedure
Students who gave web-based consent completed all questionnaires using a secure survey website (https://www.qualtrics.com/). A link to the surveys was sent out via e-mail. Students had 1 week to complete the survey before the link was deactivated.
Demographic information and ACEs were assessed at Time 1, stressors were assessed at Time 2 and the PHQ was administered at both time points. Participants who met screening criteria for depression, anxiety, bulimia, binge eating or indicated suicidality were sent e-mails with information about campus resources.
| Data analysis
All analyses were conducted in R (Version 3.3.1; (R Core Team, 2016)).
Data were first checked for missing values, frequencies, minima and maxima, and continuous data were also checked for outliers and deviations from normality. Three participants who scored more than four SDs above the sample mean on number of stressful events on the Stressful Events scale were excluded. Mann-Whitney U and chisquare tests were used to compare completers and non-completers; a generalized linear model (with 'binomial' as the family type) was used to examine the relation between ACEs on depression/anxiety disorders. The lavaan package (Rosseel, 2012) was used to conduct the regression analysis on the effects of ACEs on PHQ-9 and suicidal ideation and to test for mediation (http://lavaan.ugent.be/tutorial/mediation.html). Because data were not normally distributed, bootstrapped standard errors (based on 500 samples) were used to conduct these analyses. All significance levels were set at .05.
| RESULTS
ACEs. Students endorsed a median of 1 ACE, with 30% endorsing at least two ACEs out of a list of eight (Table 1) . A frequency distribution of ACEs in this sample is presented in Figure 1 . For subsequent analyses, students with 0 or 1 ACE were categorized as the low-ACEs group (n = 165), and students with at least two ACEs were categorized as the high-ACEs group (n = 71).
| Adverse childhood experiences and deterioration of mental health
Almost a fifth (19%) of students met criteria for a depressive or anxiety disorder. As can be seen in Table 2 , rates differed between ACEs groups. In addition, more than twice as many (21%) high-ACEs students met screening criteria for at least one anxiety or depressive disorder at Time 2 (when they had not met criteria for any of these disorders at Time 1) compared to low-ACEs students (9%). A logistic regression showed that ACEs made a significant contribution to the prediction of who would develop a depressive or anxiety disorder (Table 3) . A relative risk calculation indicated that a student in the high-ACEs group was more than twice (2.32) as likely to show this deterioration as a student in the low-ACEs group.
Average PHQ-9 depression score in the whole sample was 6.5 (SD = 5.3) at Time 1 and 6.9 (SD = 5.5) at Time 2. As can be seen in Table 2 , however, scores were higher in the high-compared to the low-ACEs group at both times. A regression (see Table 4 ) demonstrated that ACEs made a significant contribution to the prediction of PHQ-9 scores at Time 2. After controlling for family income and PHQ-9 score at Time 1, each additional ACE was associated with an increase of 0.19 SD units on the PHQ-9 depression score. Over a tenth of the students indicated at least some suicidal ideation in the past month at both Time 1 (11%) and Time 2 (12%). As can be seen in Table 2 , rates were higher in the high-compared to the lowACEs group. In the low-ACEs group, 6% of the students expressed no suicidal ideation at Time 1 but did so at Time 2. The corresponding percentage was 11% in the high-ACEs group. A relative risk calculation indicated that a student in the high-ACEs group was almost twice (1.85) as likely to develop suicidal ideation at Time 2 than a student in the low-ACEs group. Adverse childhood experiences made a significant contribution to the prediction of suicidal ideation at Time 2 even after controlling for suicidal ideation at Time 1 (Table 5) .
| Mediation by stress
The results of the mediation analyses are presented in Figure 3 . For the first mediation analysis, development of at least one depressive/anxiety disorder at Time 2 despite no depressive/anxiety disorder at Time 1 was entered as the outcome variable, ACEs was entered as the predictor variable and count of stressors as the mediator variable, with childhood family income as a covariate. For the next mediation analysis, PHQ-9 score at Time 2 was entered as the outcome variable, and PHQ-9 score at Time 1 was used as an additional covariate. For the third analysis, rating of suicidal ideation at Time 2 was entered as the outcome variable, and rating of suicidal ideation at Time 1 was entered as a covariate in addition to family income.
As can be seen in Figure 3 , all three analyses showed that the relationship between ACEs and mental health deterioration did not reach significance once the count of stressful events was taken into account.
However, there was a significant relationship between ACEs and count of stressful events, and a significant relationship between stressful events and mental health deterioration. All three analyses also showed a significant indirect effect, suggesting mediation through number of stressors.
In contrast, the same analyses conducted with average stress ratings showed that ACEs were not significantly related to ratings of stress, and ratings of stress did not mediate the relationship between ACEs and worsening mental health. ACEs out of a list of eight (Logan-Greene et al., 2014) . These discrepancies may be due to the fact that the current sample was predominantly White, not low income and had done well enough academically to be admitted to a large public university. Nevertheless, results demonstrate that these students, although they come from relatively privileged backgrounds, were not immune to ACEs or substantially different from the general population of their state in terms of ACE exposure.
| Depression, anxiety and suicidality in college students
Results show a disturbingly high level of anxiety, depression and suicidality in students. The data are consistent with other studies summarized in the Introduction, including other studies using the PHQ.
For example, 16% of the college students in a larger study (Eisenberg et al., 2007) met screening criteria for a PHQ anxiety or depressive disorder, compared to 19% at Time 1 in the current sample. The same percentage (11%) of students expressed at least some suicidality in the past month in a larger study (Garlow et al., 2008) as well as the current one at Time 1.
| Adverse childhood experiences and mental health
The current study adds to previous studies by demonstrating the contribution of ACEs to mental health problems in students. Furthermore, early adversity was associated with worsening of mental health over the course of a single semester. By Time 2, a student with two or more
ACEs was approximately twice as likely to meet screening criteria for a depressive or anxiety disorder (despite not having met criteria for any of these disorders at Time 1) and to express suicidal ideation (despite not having expressed any suicidal ideation at Time 1) as a student with at most one ACE. A PHQ-9 score of 5 to 9 is considered 'mild,' with a recommendation for 'watchful waiting, repeat PHQ-9 at follow-up.' A score of 10 is considered to indicate 'moderate' depression, with a proposed treatment action of 'treatment plan, considering counseling, follow-up and/or pharmacotherapy' (https://www.med.umich.edu/1info/ FHP/practiceguides/depress/score.pdf). By Time 2, the average PHQ-9 score in the high-ACEs group was close to the 'moderate depression' level, which would indicate a need for treatment.
In summary, results strongly suggest a need to screen students for ACEs to identify those who are at high risk for worsening mental health during their college years. There are significant methodological and ethical challenges to overcome in screening students for ACEs, The time may have come for ACEs to be considered as a significant risk factor as well that might impact student learning and to develop programs targeting students with high levels of ACEs.
| Mediation by stress
Finally, results showed that number of stressors partially mediated the relationship between ACEs and worsening mental health. Average stress ratings were not a significant mediator, suggesting that it is the actual number of stressors, rather than the perception of stress, that may matter. However, more research should be conducted before this conclusion can be accepted, as the rating scale for stress was not very sensitive in the current study. It would be difficult to provide a true test of mediation in this area, which would require demonstrating that 
| Future research directions
The current results suggest that stress-related interventions with college students can be used to disrupt the developmental cascade between early childhood adversity and the emergence of mental health problems. Many studies examining the effects of ACEs focus on older adults (Anda et al., 2006; Bradley et al., 2011) . Given that emerging adulthood is when many mental disorders emerge (Kessler et al., 2005) , investigating college students may reveal earlier health effects of ACEs and thereby suggest beneficial avenues for intervention. If findings show that stress-related interventions do indeed disrupt the cascade, they would lend further support to the hypothesis that stress mediates between ACEs and mental health.
Many colleges and universities already offer stress reduction services including counseling, meditation classes such as yoga, online courses designed to teach stress reduction skills and even pet therapy.
Eisenberg and colleagues have recently provided a useful discussion of some of the many programs that are being used to promote mental health and stress reduction across different post-secondary institutions (Eisenberg, Lipson, & Posselt, 2016) . However, there is no research so far on the effectiveness of these programs as a function of students' level of ACEs.
Furthermore, a significant challenge in this area is to motivate college students to utilize interventions, as only a minority of students who need help with any mental health problem utilize any mental health services (Castillo & Schwartz, 2013; Davies et al., 2000; Garlow et al., 2008; Herman et al., 2011; Hunt & Eisenberg, 2010; Rosenthal & Wilson, 2008 with (e.g. dorm counselors, academic advisers, campus providers of both mental and physical health care); and using 'nudges' to encourage students to seek help (e.g. providing stress reduction classes for credit, forcing students to opt out of stress workshops rather than to opt in) could all help in increasing rates of help-seeking. Again, however, there is no published research so far on the relation between ACEs and helpseeking in college students and on the effectiveness of different strategies to promote help-seeking as a function of ACEs. Examining the health impact of increasing awareness of campus staff and students regarding the relationships among ACEs, stress and health, and the impact of providing different kinds of ACE-informed health services on campus might be good first steps in this direction.
| Limitations
Conclusions are based on a relatively privileged convenience sample from a single university. However, a study of over 10,000 individuals in eight Eastern European countries found no moderation of the association between ACEs and self-harming behaviors (e.g. physical inactivity, substance use and suicide attempts) by age, sex or level of parental education (Bellis et al., 2014) . Furthermore, although absolute numbers of ACEs and health problems may differ across samples, the mediating role of stress may not necessarily differ.
Secondly, all data were based on self-report. Therefore, common source bias may have inflated some of the associations. In addition, the three measures of mental health (anxiety/depressive disorders, PHQ-9 score and ratings of suicidality) were not independent of each other.
Thirdly, although the PHQ is a good instrument for simple screening purposes, future studies would benefit from using a more comprehensive and sensitive measure of health.
Fourthly, it is unusual for ACEs to be uncorrelated with family income. It is possible that the measure of family income used in this study was not sensitive enough. In addition, the current sample did not contain a wide range of family incomes. There is no established retrospective measure of childhood SES, and controversy rages regarding the best measure and combination of measures to use to assess childhood SES and their reliability and validity. In future research, other measures of family income, such as a subjective measure (Adler, Epel, Castellazzo, & Ickovics, 2000) , might be better to use.
Finally, ACE data were collected retrospectively. Some evidence suggests ACEs may be subject to recall bias, especially for those who are currently depressed (Scott, Smith, & Ellis, 2010a) . Other studies,
however, indicate that current symptoms do not affect the reliability of reports of child maltreatment in young adults (Pinto, Correia, & Maia, 2014) . In addition, the relation between number of ACEs and negative outcomes holds for both prospective (Clark et al., 2010; Scott et al., 2010a) and retrospective studies (Afifi et al., 2011; Anda et al., 2008) , and comparisons of prospective and retrospective data show no bias in assessment and no differences among associations between number of ACEs and outcomes as a function of time of reporting (Hardt, Vellaisamy, & Schoon, 2010; Scott, Smith, & Ellis, 2010b) . The relatively young age of the participants (average age = 20.0 years)
should also have helped minimize bias due to memory limitations.
| CONCLUSIONS
Given that only 39% of first-time full-time students enrolled in college graduate in 4 years (DeAngelo, Franke, Hurtado, Pryor, & Tran, 2011), more research is necessary to better understand the impact of early adversity (including a broader range of adversities that go beyond the level of the household) on the health and stress vulnerability of college students and formulate interventions to ameliorate this impact.
